Purpose of review This study aimed to review indications, complications, and outcomes of zone II and III fifth metatarsal fractures based on recent literature. Recent findings High rates of nonunion, delayed union, and refracture in athletes treated non-operatively. The standard of care is operative treatment in athletes with intramedullary fixation. Summary Operative treatment of zone II and III fractures in athletes will decrease the risk of nonunion and refracture while leading to an earlier return to play.
Introduction
Fractures of the proximal aspect of the fifth metatarsal were initially described by Sir Robert Jones in 1902 after he sustained the injury himself while dancing [1] . Based on epidemiological studies of the general population and athletes, proximal fifth metatarsal fractures compose approximately 70% of metatarsal fractures, especially in those with varus hindfoot malalignment [2, 3] . Fifth metatarsal fractures have been classified based on location of injury: tuberosity (zone I), metaphyseal-diaphyseal junction (zone II), or proximal diaphysis (zone III) [4] . Due to similar outcomes of zone II and zone III fractures, some authors recommend referring to both of those fracture patterns as Jones fractures and should be treated in similar fashion [5] . The biggest concerns with this injury are return to activity and high occurrence of nonunion due to the poor blood supply [6] . Anatomically, the proximal aspect of the fifth metatarsal is at risk for nonunion due to the "watershed" area located at the metaphyseal-diaphyseal junction as metaphyseal arteries enter the base and nutrient arteries enter the proximal shaft providing retrograde perfusion to the metaphyseal-diaphyseal junction [7] .
Mechanism
Typically, an acute injury to the fifth metatarsal is a result of indirect force secondary to foot plantar-flexion and inversion while the base of the fifth metatarsal is tethered by significant attachments to the calcaneus by the lateral band of the plantar aponeurosis, peroneus tertius tendon to the metaphysis and the peroneus brevis to the tuberosity. Peroneus brevis tendon forces contribute to the development of the Jones fracture and create a deforming force resulting in fracture instability and possible contribution to nonunion [8] . Additionally, bony malalignment of the foot may predispose patients to fifth metatarsal fractures. Foot type varies in athletes but the two most common foot postures are supinated and under-pronated. Athletes with those two foot postures have a significant higher risk of an overuse injury [9] . Specifically, a varus hindfoot leads to increased force at the fifth metatarsal base which may lead to fracture [3] . Furthermore, patients with Jones fractures are more likely to have metatarsus adductus, resulting in lateral column overload [10] . There has been recent work performed by the NFL Foot and Ankle subcommittee assessing shoe fitting in a professional football player. A significant number of these individuals were found to be wearing a shoe narrower than the foot width itself. It has been speculated that ill-fitting shoes such as these will allow the fifth metatarsal to "hang" over the last of the sole, thus increasing overload and pressures that may lead to stress-induced changes (Crandall J, personal communication, September 26, 2016) .
Diagnosis
Evaluation of a patient with lateral-based foot pain should begin with a detailed history that yields answers to the following questions: Was there an acute injury? Did the patient have a history of long-standing foot pain? Was there a previous fracture? What shoes are being worn and has the individual been appropriately measured? After the history has been obtained, the provider should assess for tenderness along the fifth metatarsal and note swelling, which may be present with acute injuries. The provider should differentially diagnose any other possible injuries such as lateral ligamentous injury, peroneal tendon injury, or another type of fracture. It is also important that the provider evaluates hindfoot alignment because varus hindfoot malalignment may increase stress at the fifth metatarsal [2, 3] .
Standard weight-bearing radiographs of the foot in the anteroposterior, lateral, and oblique plane should be obtained upon presentation. Plain films alone can be used to differentiate an acute fracture characterized with a well-defined fracture line as compared to sclerotic edges that indicate a nonunion. A magnetic resonance image (MRI) can be used to delineate a stress fracture if the patient is symptomatic, and hypertrophic changes are seen on radiographs. Computed tomography (CT) scans are predominantly utilized postoperatively to assess healing, and CTs are helpful in identifying a small cortical defect in the plantar-lateral aspect of the fifth metatarsal when an MRI notes edema, but the x-rays are unremarkable.
Treatment
Non-operative treatment can be attempted in lower demand patients with immobilization and non-weight bearing, but they should be informed on the high risk of nonunion up to 30% and refracture rates up to 50% [11, 6] . Therefore, operative intervention is indicated in most patients in lieu of cost of the procedure, possible hardware removal, and infection. In athletes, operative treatment is the standard to achieve union and expedite the player's return to play while reducing the risk for nonunion and refracture [12• ].
In the primary setting, the gold standard technique for treating these injuries consists of fixation with an intramedullary screw. A recent cadaveric study published in 2015 determined that the average intramedullary canal diameter is 6.475 ± 1.54 mm in the plantar to dorsal plane and 4.6 ± 0.85 mm in the medial to lateral plane by digital measurement. The authors concluded that a 4.5-mm screw is the smallest diameter screw that can be efficaciously used for fifth metatarsal fractures [13•] . Another radiographic study published by Ochenjele et al. evaluated 119 patients by CT scans and determined the average coronal medullary canal diameter to be 5.0 mm at the isthmus and the length of the straight segment of the fifth metatarsal from proximal to distal to be 52 mm, approximately 68% of the metatarsal length. Based on this study, a screw greater than 4.5 mm is needed to obtain adequate purchase within the intramedullary canal while remaining shorter than 68% of the total length of the canal to prevent fracture displacement [14•]. A variety of screws may be utilized for this axial fixation of the fifth metatarsal, and there are commercially available screws specific for this indication. Our preference is a solid-headed screw that is partially threaded. We do not routinely use headless screws due to difficulty assessing length and compression, as well as potential difficulty with screw removal in the case of revision surgery.
Our technique begins with placing the patient supine on the operative table with a bump under the ipsilateral hip, and the foot itself is further elevated above the level of the contralateral foot to assist with lateral imaging. A tourniquet can be placed at the thigh or a supramalleolar esmarch tourniquet can be used to control blood loss. A mini c-arm is placed at the foot of the bed to obtain appropriate orthogonal views. After an initial surveying with a guide wire, an incision is made approximately 2 to 3 cm proximal to the fifth metatarsal approximately 1-1.5 cm in length (Fig. 1) . Careful dissection through the subcutaneous tissues to the base of the fifth metatarsal will protect the peroneus brevis and the sural nerve. Surgeons are less likely to injure the lateral dorsal cutaneous branch of the sural nerve when using a percutaneous approach to fifth metatarsal fractures compared to the standard lateral approach based on cadaveric studies [15] . Utilizing a tissue sleeve for all steps described, a guide wire is placed into the dorsal and medial aspect base of the fifth metatarsal near the metatarsal-cuboid articulation. The correct position of the guide wire should be confirmed on multiple planes by fluoroscopy. The guide wire should be advanced to the fracture site but not into the medullary canal of the curved shaft so as not to penetrate the diaphyseal cortex (Figs. 2 and 3) . A cannulated drill is advanced over the guide wire to the fracture site and then exchanged to a solid 3.2-mm drill that is then freehanded into the midshaft medullary canal. This maneuver helps to insure a straight line from entry to a point distal to the fracture while avoiding cortical perforation, which may lead to a stress riser (Figs. 4, 5 and 6 ). The guide wire is replaced and a 4.5-mm cannulated tap is advanced across the fracture site and increased by 1-mm increments until the fifth metatarsal is adequately torqued (Fig. 7) . Once the appropriate screw diameter has been determined, a selected screw is placed adjacent to the metatarsal and assessed radiographically for length (Figs. 8 and 9 ). Proper length insures that all threads are distal to the fracture site without extending too distal into the diaphysis as the curve shaft may displace the fracture or create a lateral gap [16] . The guide wire is removed and a solid screw is placed, typically 40 mm or longer (Figs. 10 and 11 ). Tighten the screw to obtain compression without penetrating or splitting the proximal metaphyseal bone. Screw retrieval in revision surgery where penetration has occurred becomes quite difficult. Fluoroscopy should be used during screw insertion to confirm screw length, competency of diaphyseal cortices, and fracture site compression. If a gap is encountered after appropriate screw selection and insertion (typically plantar-lateral), we will either inject a bone marrow aspirate concentrate mixed with a demineralized bone Fig. 2 The guide wire is placed "high and inside" through a soft tissue sleeve while using fluoroscopy for confirmation Fig. 3 The guide wire is advanced to the fracture site Fig. 4 A cannulated drill is placed over the guide wire while protecting soft tissues with a drill sleeve Fig. 5 The cannulated still is advanced over the guide to the fracture site graft substitute or place autogenous cancellous bone graft. The wound is closed with 3-0 nylon interrupted sutures followed by short leg splint.
The splint is removed after 1 week but patients should remain non-weight bearing for 2 weeks postoperatively and then transition to full weight bearing in a short walker boot. These CAM walker boots significantly reduce contact pressure at the fifth metatarsal base with ambulation compared to postoperative shoe and running shoes [17] . Athletes can advance to running shoes by 4-6 weeks. As evidence for radiographic bony bridging may be significantly delayed, we allow advancement of activity when the patient is able to weight bear without pain and perform multiple single limb heel rise and hop. Cross training with non-impact activity is initiated early and includes stationary bike, suspended pool running, and resisted tendon strengthening. The gradual return to sportspecific training includes shoes of appropriate width and modified with full-length custom orthosis to provide shock absorption and arch support. A lateral flare or hindfoot post is used in athletes with a cavovarus foot posture [3] . The metatarsal may be further protected from excessive stress during this time frame with either a clamshell orthosis or turf toe plate. Most athletes return to play between 8 and 10 weeks postoperatively, and the use of this modified shoe wear is Fig. 8 After the diameter of the screw has been determined, place the screw next to the metatarsal to select the appropriate length. All screw threads should cross the fracture site without excessive distal extension into the diaphysis to prevent fracture site distraction Fig. 7 The guide wire is place into the medullary canal, and the cannulated tap is advanced across the fracture site and increased by 1-mm increments until adequate torque is obtained Fig. 6 The cannulated drill is exchanged for a solid drill to avoid cortical penetration Fig. 9 Remove the guide wire and place the solid screw recommended for this first year, if not the duration of their sport career.
Revision surgery for nonunion or refracture presents additional, technical challenges. The iliac crest is prepped and draped for bone graft acquisition. Hardware removal may be performed through the previous percutaneous incision. If the screw is broken, a broken screw removal set must be employed to remove the screw fragment distal to the refracture or nonunion site. The nonunion/refracture site is localized using fluoroscopy, and an incision is made along the metatarsal. While protecting the sural nerve, the periosteum is elevated plantarly and dorsally. A window in the cortex may be needed to remove a distal broken screw fragment. The nonunion site is thoroughly debrided with curets, rongeurs, and osteotomes. K-wires or drill bits are utilized to perforate all exposed bone surfaces. The intramedullary canal may be sclerotic and may require removal either openly or with the initial drill to minimize distal cortical penetration or displacement. Cancellous autograft obtained from the iliac crest is packed around the nonunion site, and it can be packed into the medullary canal before screw placement. Our preference is to avoid graft harvesting from weight-bearing bone in athletes (calcaneus, tibia) for risk of stress fracture. A screw is then placed with all threads across the nonunion site or even longer if a cortical window was created for hardware removal. In rare instances of proximal bone loss or comminution. a plate may be utilized and is best positioned along the plantar aspect of the fifth metatarsal.
Following revision surgery for a nonunion or refracture, the postoperative protocol is more conservative than a primary surgery with non-weight bearing status maintained for 4 weeks, potentially longer if excessive bone is removed during broken screw retrieval. Patients are then advanced to weight bearing in a short walker boot and transitioned to running shoes with an orthosis once the patient is asymptomatic and radiographic healing is present, often at 10-12 weeks. A CT is helpful to determine and confirm union. Patients are gradually advanced to running activity, first in a pool or on an antigravity treadmill followed by eventual sport-specific activities.
Bone stimulators present another option during the recovery period. There is evidence that bone stimulators improve healing of nonunions and delayed unions [18] . With regard to Jones fractures, Holmes reported that all nine patients with delayed unions and nonunions achieved complete bony union with non-operative management using a pulsed electromagnetic field [19] . More recently, Streit et al. published a randomized clinical trial of patients with delayed unions or nonunions of the fifth metatarsal treated with intramedullary screw fixation with or without (control group) pulsed electromagnetic fields. Patients treated with pulsed electromagnetic fields (PEMFs) had complete radiographic union 6 weeks sooner than controls did. Furthermore, those treated with PEMF had significantly higher amounts of placental growth factor (a member of the VEGF subfamily) and higher levels of brain-derived neurotropic factor (BDNF). Both of these growth factors promote angiogenesis and vasculogenesis, therefore increasing oxygenation and nutrient delivery to the fracture site to promote healing. BMP 5 and BMP 7 expression was also increased with PEMF, and BMPs are known to play a role in fracture union [20••] .
We routinely check vitamin D and calcium levels and supplement patient with deficient levels. Multiple studies have shown vitamin D deficiency can occur in athletes, and supplementation can decrease the rate of stress fractures [21] [22] [23] .
Outcomes
The overall treatment goals for fifth metatarsal fractures are successful healing and return to play. A systematic review of 26 studies published in 2013 found that fractures treated nonoperatively had a 76% union rate compared to a 96% union rate following operative treatment. Furthermore, the authors found delayed unions healed 44% with non-operative care and 97% with operative treatment and nonunions had a 97% union rate with intramedullary screw fixation [11] . Another systematic review published in 2011 evaluated six studies of 330 patients, operative fixation with intramedullary screw fixation results in faster time to union, faster return to play with fewer complications compared to non-operative management [24] .
Next, the evidence comparing outcomes of different screw types varies. Our institution retrospectively compared the outcomes of treatment using indication-specific screws to traditional screws in 47 patients. Both groups achieved a union rate greater than 95% with similar visual analog pain and satisfaction scores; however, the traditional screws had a significantly higher complication rate (four complications to none) [25•] . Other authors report excellent results using headless compression screws for the treatment of Jones fractures with a 3.3% failure rate [26] . A biomechanical study published in 2012 compared traditional partially threaded screws to variable pitch screws. In simulated cadaveric Jones fracture models, the partially threaded screw generated more fracture site compression and less fracture site angulation; however, there was no difference in fracture stiffness [27] . Other studies have shown no difference in bending stiffness between variable pitch screws and partially threaded screws [28] . Another treatment option for fifth metatarsal fractures includes low profile hook plates. Using simulated cadaveric Jones fractures, Huh et al. compared intramedullary screws with the low profile plate. Biomechanically, the intramedullary screw resulted in greater bending stiffness, less fracture site angulation, and greater initial torsional stiffness compared to the hook plate [29] .
While operative fixation of zone II and zone III fractures have a high union rate with fixation, nonunions and refractures still occur. Hunt et al. reported a 100% union rate with return to preinjury competition level in 21 athletes at an average of 12.3 weeks. However, one patient had a subsequent refracture following a traumatic injury. All patients underwent intramedullary screw fixation with autogenous iliac crest, demineralized bone matrix and bone-marrow aspirate, or nothing [12•]. Bigsby et al. reported on outcomes of 117 fifth metatarsal fractures, 55 of those being zone II and III injuries. Patients' Foot Function Index (FFI) scores improved from 22 at 1 month to 0 at 1 year. Also at 1 year, 28% of patients with zone I fractures and 33% with zone III continued to report pain, but none of the zone II patients reported any functional limitations and 10% of zone III patients report functional limitations [30] .
Athletes desiring to return to play following a fifth metatarsal fracture should have realistic expectations. In a recent retrospective study of professional athletes, 85% of basketball players were able to return to preinjury level of function. In this study, 92% of the patients were treated operatively, 12% required reoperation, and 19% had a recurrent injury [31] . National Football League (NFL) players are also at risk for sustaining a Jones fracture due to the repetitive strain placed on the fifth metatarsal. NFL players with Jones fractures treated with intramedullary screw fixation and iliac crest bonemarrow aspirate with demineralized bone matrix injected at the fracture site were retrospectively reviewed. Postoperatively, the athletes underwent an aggressive rehabilitation program and 100% of the athletes returned to play at an average of 8.7 weeks. Refracture occurred in 12% of athletes and all returned to professional play after revision surgery [32• ].
Conclusion
In high-level athletes, non-operative management of zone II and zone III fractures may prolong return to play due to high rates of delayed union, refracture, and nonunion. Therefore, we recommend operative fixation with a partial threaded intramedullary screw to obtain compression and provide inherent support. The screw threads should extend just distal to the fracture site with a typical screw length of 40 mm or greater. Furthermore, the screw size should be greater than 4.5 mm, ideally 5.0 to 6.5 mm in diameter. It remains in question whether return to play should be delayed until complete radiographic union has been obtained to decrease the risk of refracture or nonunion. Lastly, it is felt necessary for the individual to be asymptomatic with activity and in appropriated sized shoes with protective modifications.
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